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(§) Electrostrictlve device having sealing structure for electrostrictive elements. 



® An electrostrictive device having a sealing struc- 
ture of an electrostrict element has a tubular mem- 
ber for liousing the eiectrostrictive element. A pair of 
lid members are attached to the top and bottom 
surfaces of the electrostrictlve element. The lid 
members are flexibly combined to the tubular mem- 
ber by using an elastic sealing means such as 
silicone resin and 0-ring. The side surfaces of tlie 
electrostrictive element is spaced apart from the 
inner wall of the tubular member due to the lid 
members. The foregoing structure enables a reliable 
hermetic seal without Impairing tho mechanical dis- 
placement of the electrostrictive element. 
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ELECTROSTRiCTIVE DEVICE HAVING SEALING STRUCTURE FOR ELECTROSTRICTIVE ELEMENT 



BACKGROUND OF THE INVENTION: 

This invention relates to an electrostrictive de- 
vice such as a piezoelectric actuator, and nnore e 
particularly to the eleotrostrictive device having a 
sealing structure of an electrostrictive element 

Piezoelectric actuators have been regarded as 
a promising mechanical driving element for optical 
or nnagnetic disc heads, various optical devices io 
and precision positioning devices for precision tool 
machines. Since the mechanical displacement 
caused by electrostrictive effect Is essentially very 
small, the rectangular piezoelectric effect is usually 
increased by stacking a plurality of electrostrictive is 
ceramic layers or piezoelectric ceramic layers with 
internal electrodes as is disclosed in the U.S. Pat- 
ent No. 4,681,667 issued on July 21, 1987. The 
mechanical displacement may l3e further increased 
by using a mechanical amplification mechanism as so 
is disclosed in the U.S. Patent No. 4,570,095 is- 
sued on February 11, 1988. 

In a conventional electrostrictive element using 
silver based internal electrodes, migration easily 
takes place at exposed etids of the internal elec- ss 
trodes in a humid atmosphere, and thus causing a 
poor insulation characteristics. When moisture re- 
sistance tests are conducted, discharge occurs at 
sides or corners of the eiectrostrictive element to 
present serious problems In yielding and reliability. so 
There has been proposed a measurement to coat 
the electrostrictive element with an insulation resin 
30 as to prevent moisture from entering, but the 
moisture resistance achieved is not quite satisfac- 
tory. In addition, the mechanical displacement of- 3S 
expantion and contraction of the electrostrictive ele- 
ment is impaired by the resin coated on the side 
surtece of the electrostrictive element. 



SUMiVIARY OF THE INVENTION: 

An object of this Invention is to provide an 
eiectrostrictive device having a sealing structure for 
an electrostrictive element which can prevent mois- 4s 
ture from entering from outside and remarkably 
enhance reliability of the electrostrictive element 
without impairing the mechanical displacement of 
the electrostrictive element. 

According to this invention, the sealing struc- so 
ture of the electrostrictive element has a pair of lid 
members mounted on both ends of the electrostric- 
tive element The electrostrictive element is in- 
serted within a tubular member such that the side 
surfaces of the lid members are partially covered 



with the end portion of the tubular member and 
connected to each other to form flexible sealing 
joint portions so as to prevent moisture from enter- 
ing into the tubular member from outside while 
allowing a small displacement in a direction of the 
tubular axis. One of lid members has a pair of lead 
terminals which are connected to external elec- 
trodes of the electrostrictive element via lead wires, 
it is preferable that the tubular member and the lid 
members are made of metal to enhance the re- 
liability, and elastic sealing material is used to 
combine the metal tube and the metal lids so as to 
ease the mechanical displacement of the elec- 
trostrictive element. 

Another embodiment of the sealing structure 
for the electrostriotlve element according to tills 
Invention further comprises insulation liquid filled 
within the tubular member. 



BRIEF DESCRIPTION OF THE DRAWINGS: 

FIG. 1 shows a sectional view of the first 
embodiment according to this invention. 

RG. 2 shows a sectional view of the second 
embodiment according to this invention. 

RG. 3 shows a sectional view of the third 
embodiment according to this Invention. 

FIG. 4 shows a sectional view of the fourth 
embodiment according to this invention. 



DESCRIPTION OF THE PREFERRED EMBODI- 
K^ENTS: 

Referring to FIG. 1, an electrostrictive element 
assembly of this embodiment comprises an elec- 
trostrictive element 1 housed within a tubular mem- 
ber 14 and sealed with a first lid member or a 
terminal member 11 and a second lid member 13 
by using elastic sealing resine 15. The terminal 
member 11 has lead terminals rods 41 and 42 
connected to the electrostrictive element 1. 

The electrostrictive element 1 in this embodi- 
ment is a sintered body which is desalbed in the 
aforementioned U.S. Patent No. 4,681,667, Ex- 
posed ends of Internal electrodes 5 on side faces 
of the electrostrictive element l , are coated selec- 
tively with an Inorganic Insulator 6 such as glass. 
Then a pair of external electrodes 21 and 22 are 
formed on side faces thereof such that the internal 
electrodes 5 are alternately connected to the exter- 
nal electrodes 21 and 22 to form two group of 
comb-shaped electrode members. Subsequently, 
the lead wires 31 and 32 are connected to the 
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external electrodes 21 and 22 by soldering 7, re- 
spectively. The eiactrostrlctive element 1 is fixed to 
a terminal member 11 and a lid member 13 with 
adhesive material to be supported witlitn tlie tubu- 
lar member 14 as shown in FIG. 1. The terminal 
member 11 is a circular disc which has a pair of 
lioles provided with lead tsnminal rods 41 and 42. 
The lead terminal rods 41 and 42 are supported by 
sealing glass 43 and then realed from the at- 
mosphere. Each lead wires 31 and 32 are con- 
nected with ends of a lead tenninal rods 41 and 42 
by soldering, respectively. The terminal member 
11 and the lid member 13 have the same diameter 
which is smaller than the internal diameter of the 
tubular member 14 but larger enough such that the 
electrostrictive element 1 is spaced apart from the 
inner wall of the tubular member 14. The terminal 
member 11 and the Hd member 13 are flexibly and 
air-tightly combined to the tubular member 14 by 
using elastic sealing material such as silicone resin 
and epoxy resin for air-tightness. As shown In FIG. 
1 , the tubular member has a hight larger than that 
of the electrostrictive element 1 but less than the 
total sum of the terminal member ll, the lid mem- 
ber and the electrostrictive element 1. The materi- 
als of the terminal member 1 1 and the lid member 
13 are preferably metais, especially stainless steel. 
As the tubular member 14, a tube of stainless steel 
of 0.5 mm in thickness is used in this embodiment. 

The electrostrictive element assembly thus pre- 
pared was tested for 1 ,000 hours at 40* C, and 90 - 
95%RH, and applied with a DC voltage of 150 V. 
The test showed no adverse results. 

When a voltage Is applied via the lead terminal 
rods 41 and 42 from a voltage supply source (not 
shown) between the external electrodes 21 and 22„ 
all the electrostrictive sheets 9 between Internal 
electrodes are applied with voltage to generate 
electrostrictive strain in the element in a direction 
of axis of the tubular member 14. When the thick- 
ness of each electrostrictive sheet is 0.1 mm and 
stacked with 770 sheets, the displacement of about 
0.1 mm can be obtained. For such a small dis- 
placement, the elastic resin can keep the air-tight- 
ness. 

FIG. 2 shows another embodimerit. This em- 
bodiment differs from the first embodiment In that 
an 0-ring 16 is used as the slasting sealing means. 
The terminal member 11 and the lid member 13 
are provided with grooves so that the 0-ring 16 is 
flexibly attached to the members 11 and 13. The 
size of the grooves Is determined such that the 
compression ratio of the 0-ring 16 becomes 0.85 - 
0.65. The 0-ring 16 which is applied with silicone 
grease is fitted In each groove, and a stainless 
steel tube 14 of the thickness of 0.5 mm Is forced 
In from one direction. Since the displacement of 
the electrostrictive element Is so small, ordinary 0- 



rlng can afford to absorb such displacement with- 
out causing a slip or slide between the 0-ring and 
the tubular member due to the fact that the value 
of the displacement of the electrostrictive element 

6 doss not exceed the elastic displacement region of 
the rubber used for ordinary O-ring. Therefore, the 
air-tightness can be sustained. 

Th© electrostrictive element assembly thus 
completed was tested under the same conditions 

TO as in the first embodiment, but no adverse result 
was observed. 

FIG. 3 shows the third embodiment of this 
invention. The third embodiment differs from the 
first embodiment shown in FIG. l only In that 

IS Insulation Hquid 8 Is filled within the tubi ilaiimem- 
ber '147"More specifically, on an end face of the 
electrostrictive element 1 Is fixed a disc-shaped 
metal member 11 made of stainless steel which is 
provided with a pair of lead terminals 41 and 42 

so connected to the external electrodes 21 and 22 via 
lead wires 31 and 32, respectively. On the other 
end face of the electrostrictive element 1 is fb<ed a 
disc-shaped metal member 13 having the outer 
diameter identical to that of the metal member jl. 

25 The joint portions between the tubular member 14 
and the metal members 11 and 13 are sealed by 
epoxy resin 15. The side faces of the electrostric- 
tive element are spaced apart from the Inner wall of 
the stainless steel tube 14 of 0.5 mm in thickness, 

30 and silicone oil 8 Is filled within the tube 14. 

The manufacturing method of the shown elec- 
trostrictive element is described below. 

Similarly to the aforementioned U.S. Patent No. 
4,681,667, multicomponent solid solution ceramic 

35 powder of a perovskite structure is mixed wltti an 
organic binder to prepare green-sheets of about 
100 urn In thickness, which is coated with silver 
internal electrode conductive layers in paste form. 
After dried, thus coated sheets are stacked for 

40 lamination in several tens of layers (e.g. 72 layers) 
and sintered to obtain a sintered body. As ends of 
the silver Internal electrode conductive layers are 
exposed on side faces of the sintered body, end 
feces are selectively coated with glass Insulator. 

45 Thus, external electrodes are formed on side faces 
and connected to the silver Internal electrodes al- 
ternately in every two layers to form two groups of 
comb-shaped internal electrode assembly. Lead 
wires are connected to the external electrodes by 

so soldering for leading out. The electrostrictive ele- 
ment 1 thus made Is sealed within the tube 14 with 
the silicone oil 8 after being attached with metal 
members li and 13. 

The electrostrictive element thus prepared was 

ss tested under the same conditions as in the first 
embodiment, but no adverse result was observed. 

FIG. 4 shows the fourth embodiment of the 
present invention. The fourth embodiment differs 
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from tlie embodifnent shown in FIQ. 2 only in that 
silicone oil is filled within the tubular member 14. 
As other features and structures are the same with 
the one shown in FIQ. 2, detailed description is 
omitted. 

Altliough the silicone oil is used in the fore- 
going instance, the insulating Uquid to be filled 
witiiin the tube may be fiuorocarbon-based oils or 
mineral oils. 

As described in the foregoing statement, this 
invention can prevent moisture from entering from 
outside into an electrostrictive element without pre- 
venting the mechanical displacement caused by 
the electrostrictive element in the tube element. 
When the tubular member is filled with insulating 
liquid, the electrical reliability of the electrostrictive 
element is further improved. 



Claims 

1. An electrostrictive device having a sealing 
structure for an electrostrictive element comprising: 
a tubular member housing said electrostrictive ele- 
ment such that the inner wall of said tubular mem- 
ber is spaced apart from said electrostrictive ele» 
ment, a first lid member fixed to one end of said 
electrostrictive element, a second lid member fixed 
to the opposite end of said electrostrictive element, 
said first and second lid members being flexibly 
and air-tightiy combined to said tubular member, 
respectively, by using elastic sealing means, and 
one of said first and second lid members having 
electrode terminals connected to said electrostric- 
tive element. 

2. An electrostrictive device as claimed in 
claim 1. wherein said sealing means is a elastic 
resin. 

3. An electrostrictive device as claimed in 
claim 1, wherein said sealing means is an 0-ring, 
and each of said first and second lid member has a 
groove around the side edge portion, said groove 
has a depth smaller than a diameter of said 0-ring. 

4. An electrostrictive device as claimed in 
claim 1 . wherein said sealing structure f urtfier com- 
prises insuiative fluid filled within said tubular mem- 
ber. 

5. A sealing structure for the electrostrictive 
element as claimed in claim 1, wherein said tubular 
member, first and second lid member are made of 
metal. 

6. An electrostrictive device having a sealing 
structure for an electrostrictive element comprising: 
a tubular member, an electrostrictive element lo- 
cated within said tubular member, a first lid mem- 
ber attached id one end of said electrostrictive 
element, a second lid member attached to the 
other end of said electrostrictive element, said tu- 



bular member having a length larger than the hight 
of said electrostrictive element but shorter than the 
total sum of said electrostrictive element attached 
with said first and second lid members, each of 

5 said first and second lid members having a diam- 
eter smaller than the inner diameter of said tubular 
member such that side edges of said first and 
second lid member are siidiy contacted with the 
Inner wall of said tubular member, one of s^d first 

ro and second lid members having a pair of eiectrode 
terminals connected to said electrostrictive mem- 
ber, and sealing means for sealing respective gaps 
formed between said tubular member and said first 
and second members. 
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